SUMMARY Symptomatic patients with mitral valve prolapse (MVP) frequently mimic thyrotoxicosis, hyperadrenergic states or hypoglycemia. Twenty symptomatic patients with auscultatory and echocardiographic MVP were studied in the clinical research unit. T8, T, and plasma cortisol were normal. Patients with MVP had normal responses to oral glucose administration but higher glucose levels than the controls (p < 0.05). Twenty-four-hour urinary epinephrine (E) and norepinephrine (NE) were greater than normal (E + NE excretion, 44 ± 2 vs 29.5 ,ug/g creatinine,p < 0.001). The short electromechanical systole corrected for heart rate (529 ± 3.9 vs normal 548 ± 2 msec, p < 0.01) also reflected high adrenergic tone. Frequent premature ventricular complexes (PVCs) with couplets and triplets were found in 14 patients. Catecholamine excretion and frequency of PVCs were parallel and both decreased significantly at night (p < 0.001). Plasma catecholamine increase with exercise was greater in patients in whom the number of PVCs increased more than 10 per minute compared with patients in whom the number of PVCs remained relatively unchanged (620 ± 80 vs 98 ± 20 msec, p <0.01).
THE ANXIETY, tachycardia, dysrhythmias, atypical chest pain, striking postural changes and electrocardiographic abnormalities in many patients with the mitral valve prolapse syndrome suggest a hyperadrenergic state or other metabolic components to this syndrome.'`' These possibilities have not yet been explored systematically.
The present study was undertaken to determine whether symptomatic patients with mitral valve prolapse have metabolic abnormalities and whether there is evidence of a hyperadrenergic state in these symptomatic patients.
Material and Methods
Twenty symptomatic patients, 18 females and two males, ages 17-52 years (mean 33.6 ± 3 years), with auscultatory and echocardiographic findings of mitral valve prolapse were studied.2 4 8-10 Informed, written consent was obtained from each for study according to a protocol approved by the Institutional Human Research Committee. The patients were admitted to the clinical research center to standardize the environmental stimulation and placed on a caffeine-free diet. One week before the study, the patients' medications were discontinued. The frequency of symptoms and physical findings in the study patients are indicated in table 1. During the hospitalization the following procedures were performed. Day 1 Epinephrine (E), norepinephrine (NE), 17-ketosteroids (17KS) and 17-hydroxycorticosteroids (170HCS) excretions were measured in a 24-hour urine sample. Day 2 Twenty-four-hour urinary E and NE excretion were repeated. In addition, phonocardiograms, systolic time intervals (STIs), echocardiograms, treadmill exercise tests and isometric handgrip exercises were performed between 10 a.m. and 12 o'clock noon. Blood for plasma catecholamine measurements was drawn before and immediately after treadmill exercise. Both specimens were obtained through a previously inserted heparinized needle with the patient in a supine position. Day 3 Twenty-four-hour urine E and NE excretion were repeated. In addition, a 3-hour glucose tolerance test and thyroid function tests (T[4, T3 and free thyroxin index) were performed. Day 4 Total plasma catecholamines and plasma cortisol were measured at 0600, 1200, 1800 and 2400 hours. E and NE excretion were measured in urine samples collected between 0600 to 1200, 1200 to 1800, 1800 to 2400 and 2400 to 0600 hours. In addition, 24-hour ambulatory Holter monitoring was performed. 12 Control values for the 24-hour urine 17KS and 170HCS were obtained from the 29 normal subjects used as controls for the E and NE excretion. The control values for the thyroid function test and plasma cortisol were obtained from the same normal subjects.
Control values for the glucose tolerance tests were obtained from 20 other ambulatory subjects (16 females and four males, mean age 28 ± 4 years) with no apparent disease who were within 10% of their ideal weight.
The QT interval before, during and after the treadmill exercise was compared with that in 25 normal subjects undergoing similar exercise testing.
Statistical analysis was performed using the t test and analysis of variance.
Results
All patients had normal left ventricular systolic function as measured by the STI and echocardiograms and normal left and right ventricular and left atrial sizes as determined by echocardiography. Electrocardiographically, seven patients were normal, eight had nonspecific ST-and T-wave changes, two had poor R-wave progression, one had a right intraventricular conduction defect, one had increased anterior forces and one had a short PR interval.
The 24-hour urinary excretion of E and NE shown in figure 1 was significantly higher (p < 0.001) in patients than in normal, ambulatory controls. In addition, combined 24-hour urinary E and NE excretion was significantly higher (p < 0.001) in the study patients than in 35 hospitalized patients used as controls (38.6 ± 4 vs 72 ± 3 ,ug). The 24-hour E and NE excretion was not significantly different in the study patients from day to day during the hospitalization period (43 ± 1.9 ,ug/g creatinine day 1, 42 ± 2.5 ,gg/g creatinine day 2, 44 + 2 ,ug/g creatinine day 3). fig. 3) .
The frequency of PVCs decreased during treadmill exercise compared with the preexercise levels, but increased significantly immediately after exercise (p < 0.01). In contrast, the number of PVCs increased significantly during isometric handgrip exercise and decreased significantly after exercise (p < 0.01, fig. 4) .
Plasma E and NE increased significantly (p < 0.01) after exercise compared with preexercise levels. More- over, the plasma E plus NE increase was greater (p < 0.01) in patients whose number of PVCs with exercise increased more than 10 per minute compared with patients in whom the frequency of PVCs remained relatively unchanged (fig. 5 ).
The QT interval in patients with mitral valve prolapse was identical to that in normal subjects before, during and after exercise. The number of PVCs per hour paralleled urinary E plus NE excretion ( fig. 6 ). At night, the number of PVCs and the catecholamine excretion both decreased significantly. Figure 7 shows the glucose levels during the glucose tolerance test. Although patients with mitral valve prolapse had a normal response to oral glucose. Plasma glucose levels were higher at 2 and 3 hours in patients than in controls.
The thyroid function tests were similar in patients with mitral valve prolapse and in the controls, respectively: T4 8.6 ± 0.8 vs 8.2 ± 0.9 gg/dl; T3 resin uptake 0.9 ± 0.3 vs 0.85 i 0.2 ,ug/dl; free thyroxin index 7.8 ± 0.4 vs 7.2 ± 0.3. The 24-hour urine 17KS and 170HCS were also similar in mitral valve prolapse patients and in the controls, respectively: 17KS 8.2 ± 1 vs 9.6 ± 0.9 mg/g creatinine; 170HCS 5.1 ± 1 vs 4.3 ± 0.7 mg/g creatinine. The diurnal rhythm of cortisol secretion was normal in the patients with mitral valve prolapse: 0600 hours 16.4 ± 1.8 ,ug/dl; 1200 hours 10 ± 0.6 ,g/dl; 1800 hours 8.5 ± 1.5 ,g/dl; 2400 hours 4.9 ± .7 ,ug/dl. The mean 24-hour urinary catecholamine excretion was significantly greater in the symptomatic patients with mitral valve prolapse than in a group of normal, ambulatory volunteers and a group of hospitalized patients undergoing minimally stressful studies. The mean 24-hour catecholamine excretion in the study subjects was the same from day to day of the study, indicating that the findings are not the result of variations in the schedule of activity or stresses induced by the experiments. For individual patients, the day-to-day variation in catecholamine excretion was not greater than 10%.
Discussion
A normal subjects: Catecholamine excretion is higher during the day and decreases with sleep. 28 The same diurnal rhythm of catecholamine excretion was found in symptomatic patients with mitral valve prolapse in the present study. The short QS2I in this group of patients provides additional evidence of increased adrenergic tone. '14-7 Previous studies demonstrated that subjects with increased urinary catecholamine excretion have a short QSJ2. In addition, there is an inverse relationship between shortening of the QS2I and catecholamine excretion.14 Shortening of the QS2l caused by infusion of epinephrine or isoproterenol is directly related to the amount of drug administered in normal subjects.Y9 30 The oral glucose tolerance test results are also compatible with higher catecholamine activity. Mean blood glucose values are significantly greater in mitral valve prolapse patients than in our normal controls.
Catecholamine effects on the pancreatic fl cell are primarily a-adrenergic inhibition of insulin release. In contrast, the effects of catecholamine on the pancreatic a cell are primarily fl-adrenergic augmentation of glucagon secretion. Accordingly, catecholamine excess is ordinarily associated with increased glucose concentrations as a result of decreased insulin and augmented glucagon secretion.31 32 According to the receptor theory, the number of active adrenergic receptors should be low in the presence of high catecholamines and the response to catecholamines should be diminished.33 36 Indeed, in patients with congestive heart failure who have high plasma catecholamine concentrations, the number of 3-adrenergic receptors is low.37 This would explain why patients with congestive heart failure have a normal QS2I despite the high catecholamine levels.'" The shorter QS2I and the high glucose blood levels in our patients with mitral valve prolapse would suggest ' 17, 3 Left ventricular function as determined by echocardiograms and STIs was normal in the symptomatic mitral valve prolapse patients, so the excessive sympathetic stimulation was not a compensatory mechanism to left ventricular dysfunction. Thyroid function and plasma cortisol concentrations were normal, so the increased adrenergic tone was not due to thyroid or adrenal cortical dysfunction. Hypoglycemia, which has been shown to be associated with high plasma catecholamine concentrations, was not found in patients in this study.3" 32
The frequency of PVCs and the elevation of plasma and urinary catecholamines were parallel both during the day and in response to exercise testing in this study. Thus, at night, the urinary E and NE excretion and the frequency of PVCs decreased significantly. Likewise, plasma E plus NE increased significantly more in patients in whom the increase of PVCs was greater than 10 per minute than in patients in whom the frequency of PVCs remained relatively unchanged. The precise relationship between the frequency of PVCs and catecholamine levels is unclear.
In the majority of patients, PVCs were initiated with isometric exercise. Thus, handgrip exercise may provide a simple technique to detect ventricular dysrhythmias in patients with mitral valve prolapse. The increase in peripheral resistance with isometric exercise may in part be responsible for the recorded dysrhythmias. Previous studies have shown that infusion of phenylephrine in patients with mitral valve prolapse produced symptoms associated with increased arterial pressure. 39 The pathogenesis of multiple symptoms, such as awareness of rapid heart beat, shortness of breath, left breast or chest aching, palpitations, syncope or presyncope, morning fatigue and easy exhaustion, is not understood fully. Stress-mediated or stressactivated biochemical mechanisms that increase adrenergic tone may provide a basis for multiple symptoms. With better understanding of the central and peripheral biochemistry of anxiety and stress, the relationship of symptoms in mitral valve prolapse to anxiety and tension will become clearer. 40 In summary, symptomatic patients with mitral valve prolapse have high adrenergic tone. Adrenergic hyperactivity may be responsible for or contribute to the multiple symptoms and clinical manifestations in symptomatic patients with mitral valve prolapse.
